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Post-mortem examination of two infants who had received cal-
ciumchloride bygavage while under treatment onthe private service
of the New Haven Hospital revealed extensive damage to the
mucosa of the stomach and upper intestinal tract. Tihese findings
stimulated investigation to determine whether similar lesions could
be produced experimentally. Although it is frequently stated in
the literature that oral administration of calcium chloride is irritating
and may cause vomiting,6' 8 no description olfthe lesions produced has
been encountered. Numerous clinical experiences similar to those
cited in the third case described here confirm the impression that
the doses of calcium chloride usually administered in tetany neona-
torum are excessive and perhaps that calcium chloride is always a
dangerous drug during the early months of life.
Case I
White female. Age 36 days. Autopsy by Dr. J. J. McGillicuddy. No.
5391.
Clinical history:
This 2900-gram infant was born spontaneously after a normal pregnancy,
The first two days of life were not remarkable. On the mQrning of the
third day, tremors (especially of the right arm and leg) were noted. The
Chvostek, Trousseau, and peroneal signs were absent, and the physical exam-
ination was otherwise normal. Four grams of calcium chloride in 25 cc. of
water (16 per cent solution) were administered by gavage. Blood-stained
vomitus appeared two hours later, followed shortly thereafter by blood in
the stool. Shock occurred in 4y2 hours, and peritonitis was suspected. An
x-ray revealed free fluid but no air in the peritoneal cavity. On the following
day, exploratory laparotomy confirmed the presence of considerable clear
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fluid in the abdominal cavity, but no changes of the abdominal viscera were
noted. Examination of the fluid revealed no cells or organisms by smear and
culture. The' postoperative course was characterized by disruption of the
,wound, peritonitis, and the development of a fecal fistula. Terminally the
child vomited repeatedly and died on the thirty-sixth day of life. The clinical
diagnosis was "Intestinal obstruction, cause unknown."
Autopsy findings:
The body was emaciated and skin turgor was diminished. An organizing
suppurative peritonitis with metastatic abscesses in the lungs, subcutaneous
tissues, and viscera was found. The serosa of the stomach was dull and
covered by fibrinous adhesions. The mucosa was replaced by opaque, yellow,
calcareous plaques, which were brittle and firmly attached to the submucosa.
Plaques of similar consistency were seen in the small intestine, particularly in
the duodenum and upper jejunum. Microscopic examination revealed ulcera-
tion and necrosis of the mucosa and submucosa of stomach and small intestines.
The stomach wall was composed of plaques of hyaline scar tissue, here and
there infiltrated by small round cells. Many of these scars contained granular
material which stained black in the von Kossa preparation indicating the
presence of calcium. Organizing and calcified thrombi occluded the arterial
vessels of the submucosa (Fig. 1), and there were similar lesions in the small
intestine. Focal necrosis and calcification were present in the media of many
'arge arteries (Fig. 2).
Case II
White male. Age 7 days. Autopsy by Dr. S. H. Durlacher. No. 5452.
Clirncal history:
The baby, born by low forceps, weighed 3060 grams. The first two
days of the infant's life were uneventful. On the evening of the second day
shaking of the arms and legs as well as tremors of the eyelids were noted.
The physical examination revealed hyperactive reflexes and positive plantar
and Chvostek responses bilaterally. The serum calcium was 6.8 mg. %o. A
,avage containing 3 grams of calcium chloride in 18 cc. of water (16.6 per
cent solution) was administered, and one gram of calcium chloride was added
to each four-hour feeding thereafter. On the following day the infant
vomited the feedings and respiratory difficulty was observed. This was
attributed to aspiration. Signs of collapse ensued, and despite transfusions and
other supportive measures, death occurred on the seventh day of life. The
clinical diagnosis was "Aspiration pneumonia; Icterus neonatorum; Tetany
neonatorum."
Autopsy findings:
The clinical diagnosis of aspiration pneumonia was confirmed at autopsy.
The other striking findings were confined to the stomach, which was slightly
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dilated and contained approximately 200 cc. of curdled milk. The serosa
was smooth and glistening. The mucosa along the lesser curvature was pale
and intact, but that of the greater curvature, especially in the fundic portion,
was bright red and ulcerated. The bases of these ulcers were filled by white
opaque, firm, friable material which had the consistency of an egg-shell.
Microscopically, sections of the damaged portion of the stomach showed
necrosis and disappearance of the mucosa with edema, polymorphonuclear
cellular infiltration, and necrosis of the blood vessel walls in the submucosa and
muscularis (Figs. 3 and 4).
Case III
White female. Newborn. N.H.H. No. B19725.
A full-term infant was born spontaneously September 5, 1941, in good
condition. During the pregnancy the mother drank only one pint of milk
a day, and developed extensive dental caries. The baby, breast fed for two
days, was then placed on formula. When seven days old, a clonic convul-
sion which lasted six minutes occurred. A similar convulsion followed soon
thereafter. Physical examination was essentially negative; Chvostek and
TIrousseau signs could not be elicited. The serum calcium was 6.2 mg.%o.
On the eighth day, through a misunderstanding of the ruling that medication
should not be added to infants' milk mi*tures, the infant was given two grams
of calcium chloride in water before the 10 A.M. and 2 P.M. feedings. Both
feedings were promptly vomited, and the vomitus was blood streaked. She
took and retained one-half of the 6 P.M. feeding, which contained 2 grams
of calcium chloride. Saline clysis, transfusion, and hykinone were given
because of the hematemesis. The baby did well on the regular formula
without added calcium, and saline clyses for the next two days. No convul-
sions occurred. On the eleventh day of life, 0.5 cc. of 50 per cent calcium
chloride were added to each feeding, and continued for two days without
incident. Discharge diagnosis was hypocalcemic tetany. The infant has
gained weight since discharge and has shown no subsequent gastro-intestinal
symptomatology.
The above histories suggest that calcium chloride produces
gastro-intestinal lesions. In the first case, the long interval before
death may make interpretation somewhat difficult but the other two
cases leave little room for doubt. It should be emphasized that
these three infants received some of the calcium chloride in aqueous
solution at a time when the stomach was empty. Doses of the drug
administered in milk mixtures were better tolerated. The follow-
ing experimental work shows the effect of similar and smaller doses
ofcalcium chloride in rabbits.
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Experimental
Methods: Forty-two rabbits, from two days to six weeks of age, were used.
The animals were fasted for 48 hours before gavage and permitted to eat
six hours after gavage. A soft rubber catheter (French No. 8) was employed
and the animals were sacrificed 48 hours after treatment, except as noted in
table 1. Anhydrous calcium chloride was administered in 5, 7.5, 10, 15,
and 20 per cent aqueous solutions; calcium lactate in 5 and 10 per cent
aqueous solutions; ammonium chloride in 5, 10, and 20 per cent aqueous
solutions; and three rabbits were treated with combined solutions of ammo-
nium chloride and calcium lactate as shown in table 1. Two rabbits were
intubated and the catheter manipulated roughly to determine whether this
procedure alone would cause trauma. Gross and microscopic study of the
stomach and intestines was performed in all instances.
Results: The results of these experiments are outlined in table 1.
Rough intubation caused no lesions. All animals, independent of
weight and age, receiving 20 per cent solution of calcium chloride
had severe gastric damage, which consisted of mucosal necrosis and
uloeration (Fig. 5), submucosal edema, cellular infiltration (Fig. 6),
and angionecrosis. Necrosis and exudation occasionally extended
through all coats and fibrinous exudate was present on the serosal
surface. Perforation of the stomach of one of the larger rabbits
occurred. The lesi'ons were most marked along the greater curva-
ture of the stomach, especially in the region of the fundus. No
lesions were produced in the small or large intestine. With dioses
of 15 per cent calcium chloride, lesions were not found in the older
rabbits but severe ulcers, similar to those described above, occurred
in the unweaned animals receiving over 0.75 gm. per kg. Similar
results were obtained with the 10 and 5 per cent solutions.
Calcium lactate in doses of 6 gm. per kg. produced no changes,
even in the most immature animals. Concentrations higher than
10 per cent could not be given because of the limited solubility of
the drug.
Animals receiving ammonium chloride in 20 per cent aqueous
solution showed no morphological changes in the viscera. Those
receiving doses greater than 1.5 gm. per kg. had convulsions and
diedwithin one hourafter the administration. Those animals receiv-
ing both calcium lactate and ammonium chloride were likewise free
of anatomical lesions.
The above experiments show that calcium chloride is quite irri-
tating to the stomach of rabbits. When the weaker concentrations
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FIG. 1. Case I. Low-power view of stomach wall, showing ulceration and necrosis of mucosa
with arterial necrosis and calcification. X35
FIG 2. Case I. Arterial necrosis and calcification. X175
FIG. 3. Case II. Low-power view of stomach wall, showing necrosis of mucosa, cellular infil-
tration, and vascular thrombosis in submucosa and muscularis. X40Alj.
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FIG. 4. Case II. High-power magnification of Fig. 3. X 175
FIG. 5. Rabbit No. 4. Low-p-ower view of stomach wall showing edge of ulcer with necrosis
extending through all coats. X 30
FIG. 6. Rabbit No. 25. Low-power view of sto-mach wall sho-wing' necrosis in muscularis
mucosa, submucosal edemna, cellular infiltration, and necrosis of muscularis. X 85EFFECTS OF CALCIUM SALTS BY GAVAGE 139
TABLE 1
EFFECTS OF CERTAIN SALTS ADMINISTERED TO RABBITS BY GAVAGE
Concen- Manner Sub-
Weight Dose tration of Mucosal mucosal
Rabbit (gm.) Salt (gm./kg.) (%) death Edema necrosis necrosis
1 60 -
2 80 -
3 215 CaC12
4 180 CaC12
5 275 CaC12
6 900 CaC12
7 1000 CaCl2
8 80 CaC12
9 80 CaC12
10 60 CaIC12
1(1 60 CaC12
12 80 CaCL2
13 160 CaCI2
14 375 Ca-Cl2
15 780 CaCl2
16 810 CaC12
17 920 CaC12
18 150 CaCl2
19 330 CaC12
20 775 CaC12
21 810 CaCl2
22 1000 CaCl2
23 60 CaC12
24 760 CaC12
25 110 Ca-C12
26 810 CaC12
27 1100 CaC12
28 120 Calact.
29 275 Ca lact.
30 340 Calact.
31 650 Calact.
32 700 Ca lact.
33 645 Ca lact.
34 200 NH4C1
35 342 NH4Cl
36 315 NH4CG
37 320 NH'C1
38 320 NH4CI
39 344 NH4C1
40 280 NH4C1
Ca lact.
41 210 NH4C1
Calact.
42 240 NH4Cl
Ca lact.
0.75
1.50
1.50
1.50
1.50
0.68
1.25
1.25
1.25
2.50
1.50
1.50
0.75
1.50
1.50
1.50
1.50
0.75
1.50
1.50
1.25
0.75
1.50
1.50
1.50
4.0
6.0
6.0
2.0
2.0
4.0
0.5
1.5
0.5
1.0
0.5
1.0
2.0
2.0
4.0
4.0
1.0
2.0
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20 D
20 S
20 S***
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S Sacrificed after 48 hours.
D Died before 48 hours.
* - Sacrificed after 96 hours.
** - Died of acidosds after 1 hour.
Y
***-Pforation of stonach wall found at autopsy.
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are administered the lesions are produced only in very young rabbits.
Amounts of calcium lactate of equivalent calcium content produced
nolesions, but thesolubility of the calcium lactate is so low that con-
centrations equivalent only to 5 per cent CaCI2 could be tested.
The effect of calcium lactate on the serum calcium in infants
The following work was undertaken in order to determine
whether calcium lactate is effective in raising the concentration of
calcium in the serum.
Methods: Six infants were studied; five were newborn, the sixth was
four months old. Ten cubic centimeters of venous blood were withdrawn
from the normal neonatal infants during the hour preceding their regular
10 A.M. feeding. Immediately following this they were gavaged with 60 cc.
of a 10 per cent calcium lactate solution. The regular morning feeding was
allowed. Preceding the 2 P.M. feeding, the second blood sample was taken.
Blood samples were taken at similar intervals from the four-month-old baby.
Blood serum was analyzed for calcium by the Clark-Collip modification of the
Kramer-Tisdal method.4 Serum phosphorus was determined by the Fiske-
Subbarow colorimetric method, using a photoelectric colorimeter.' Total
proteins were determined by the method of Barbour and Hamilton.'
Results: Three ofthe babies had mild diarrhea during the four-
hour period following gavage. No vomiting occurred. Significant
rise in the serum calcium (see table 2) occurred in all six cases.
Initial calcium levels ranged from 9.4 to 11.7 mg.%. Levels taken
four hours after gavage ranged from 11.4 to 13.2 mg.%. The
largest increase occurred in the four-month-old baby. The levels of
phosphorus were found to drop as the calcium level rose. This drop
varied from 0.3 to 2.5 mg. %, or from 6 to 33 per cent of the
original level. The serum proteins showed very small increases in
concentration, varying from 0 to 0.7 gm. %, or from 0 to 12 per
cent of the original value. The last column of table 2 represents
the rise in serum calcium which might be due to the concomitant rise
in proteins, calculated according to the equation Ca=0.75 P+6.8.
This equation uses the mean value of those found by five authors,
as reported by McLean and Hastings.11 It can be seen in Chart I
that the average rise in serum calcium is not accompanied by a pro-
portional rise in serum protein. The rise in protein could account
for only a very small fraction of the calcium rise, the remaining rise
being due solely to unbound calcium. The graph charts this rela-
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tionship on the scale indicated by the above formula: i.e., 0.75 gm.
of protein equals 1 mg. of calcium, protein equals 0 when calcium
equals 6.8.
Discussion
It appear-s that present pediatric practice emplovs excessive and
dangerous doses of calcium chloride for the newborn infant. For
the symptomatic treatment of tetany, many pediatric text-books379'12
recommend doses of calcium chlo-
CALCIUM MGM.% ride ranging from 2 to 4 gm., fol-
PROTEIN GM./o lowed by repeated smaller doses 12.8 - 8 - administered in 10 per cent solu-
7- tion or even higher concentrations.
11.3. 6 . .... This dangerous practice probably
arose from the fact that these
doses were originally used for
9.8 - older infants suffering from rachi-
_ 3 s .3.-J2 )r;>f, ~, tic tetany. Under these circum-
0iOl E;' .. 1ifstances the material was relatively {i.3 - 2 - 1 l- -l harmless. Improved knowledge
-I 1 - -- [ and practice ofinfant nutrition has
i.s J - - ^. --t -1reduced the incidence of rachitic
t.-tany, and at present tetany of
CHART 1 the newborn is the commonest The chart shows the average concentrations
of calcium and protein itn serum before and type'treated in New Haven. A four hours after administration of calcium lac-
tate. The scale of the protein is equivalent to dose of calcium chloride not par- the calcium bound to serum protein and per- mits direct comparison of the rise in calcium ticularly excessive for an older due to rise in serum protein concentration. 1 i
The chart illustrates that administration of chld apparently iS dangerous calcium lactate produced a rise in unbound
w a t a n calcium. when -administered to a newborn
infant. The production of ulcers
of the stomach in newborn rabbits with a S per cent solution of
calcium chloride indicates the danger of this salt to the mucosa of
the stomach of unweaned animals. Calcium chloride added to milk
undoubtedly is less irritating than are aqueous solutions. Neverthe-
less, our experience indicates that calcium chloride, in.any vehicle,
is probably dangerous to newborn babies.
It is noteworthy that other calcium salts are ineffective when
given by mouth in the treatment of tetany of infants. This lack of
therapeutic result is not explained by the lower calcium content,
which is roughly one-third and one-fourth, respectively, for the
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lactate and gluconate. The absence of a rise in serum calcium in
cases of tetany is hard to reconcile with the easily demonstrated rise
in serum calcium following oral administration of calcium lactate in
normal newborn babies, adults,2"10 and experimental animals.8 In
five recent trials, calcium gluconate (5 to 10 cc. of a 10 per cent
solution) given intravenously has immediately relieved convulsions,
but in twocases signs of tetanyand low serum calcium have persisted
for several days. The method of treatment of tetany of the new-
born needs re-examination in order to find a method as effective as
oral calcium chloride without its potential dangers.
Summary and conclusions
Necrosis and ulceration of the stomach, and in one instance of
the small intestine, occurred in two infants who died after receiving
calcium chloride 'by gavage. Similar lesions were reproduced in
rabbits with comparable and with smaller doses of calcium chloride.
Equivalent and larger doses of calcium lactate produced no anatom-
ical changes in rabbits. The latter salt administered to six newborn
infants was teffeictive in raisingthe serum calcium.
Calcium chloride, as commonly recommended, is damaging to
the stomach and intestines. Its administration by gavage to new-
born infanits is contraindicated.
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